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ltis ofgre atinte re st toin v estigate (he r adia(ive prope rtie son the clo ud optical, micr ophysic al, a nd
ge om etric alpa ra meters,inpa rtic ula r, of low
-levelm a rl n e Clo uds whichplayc ru cia) innu e n c e o n aglobal
c-im ate syste m. Topheight, ba seheight, a ndgeom etric al(hickTte SS Ofcloud )dyer a re c o rlSide red here as
clo udgeo rnetricalpar arn ete rs･ Thes eparam eters a re v e ry) mpo rta ntbe c a u s etopa nd bas eheights a rethe
fa cto rs whichgo v e mthe a(re ngth ofgre nhot,s e effct thr o ughthethe r m alr adiatiotlfro tn/to clo ud laye r.
whe re a sthe georn etricalthickn e s si thekeypa ra m eterfo rthe e stim at10 n Ofgase o u s absorptionin clo ud
layer whe rernultiple se a(tedng pro c e ssdo min ates･
So me studie shave show nthatinfo r m atio n ofafew spectralregio n sin cludingo xy getlA ba nd, eJl abled us
possiblet oretTie vethe cloudgeom etric alpara m et rs as w ella sthe opticalthickness･the effectiv epa
rticle
radiu sofc)o ud･ ln this study. a n algo rithtT[ha sde v e)opedto r etrie v e sirn ulta n e o u slythe clo ud op
tical
thickr)e s s, effectiv eparticle radiu s,topheight, andgeome tric althickne ss ofcloud laye rfro m the spe
ctr al
inform atior) ofvisible. nea rinfrar ed, therm al infr ared, andoxygenA band chan n els･
T his algo ri【hm wa s ap plied to the a c tualairborn edata which hl Cludedthe abo ve
fou rchanrlels and
-argeteda((helow ･】evelnlaril W C)D uds offthe co astof Califomiain s u m m e r･ T her etrievedr e sults s e e m s
to be alm os t c or)siste nt to the ” situ nic r ophysic alobse r v atio n altho ughfLJrthe r validatio n studie s a re
r equired fo rthe c]oりdge o m etricalpa m m e[ershlParticular･
1.IntrodILCtiotL
Globalobs er v atio nsbys atellitesre ve al the radiaLlio nbud
-
get at top ofthe atrrLOSPher e oftheearth･ Butan estim atioTI
ofsu rfac e r adiationbudgethas TIOtbee n cle aryet. The
u nc e rmiD(y ofclotJd bas ehqightis oTle Ofthe s o urc e s of
thisvague n e s s, a swel as w atervapo ur aTIO m alo us absorp
-
tio n.
T hein yesligation usJngO xyge n abs orp(io n spectral bands
has chro n ol glC&11ylo nghistory. Ya m a m oto a nd W ark
(1961)literal】ys uggestedthe utility ofoxyge nA baTld irl-
for m ation to estim ate the clo udtopheightr athertharlthe
c arbo ndio xide du¢toits mixlng Ofthe abs orpt】o nlines
with the o nes ofw ater v apoLn
1
. S aiedy etall(1967)studi如
the clo udtopdetermin ation with hand
-heldspectrograph-
c a m ¢r a obs er vatiorLbyGe mizli
-5astro71 a u tS a nds uggested
the c orrectiorl m ethodforthephoto叩 en etratio nwith the
solar z e nith, view lnga nd azim uthalatlgles ･ CuT Ta n et all
(I98I)sho wthe m tlticha nnelsc ar)Flingradio m eter which
hasthetw o chan nelin oxygen A baTldtoco m m e n t (he util
-
ityofclo udtopaltitude detectio,l･ Wu(I985)had inve s ti-
gate the clo udtopheightretriev alusingthe spectralobser
-
vatioFl ar O t mdthe o xygen A ba nd. 日is appro a ch is called
asthe r adia nc eratio TrLethod a nd he discus s edthe c orre c-
tion ofphoto npen etration effecthadtobe takeniTlt O C O n
-
sideratioTlforthis m ethod. Fischer a nd Grassl(J 9 9 I)ar)d
Fis cher eta】. (1 991)m ade theTTIOr edetailedar･･alysisfor
clo udtop estim atio nuslngthe o xy gen A ba nd by validat
-
1ngthe synchr o TIized Lidar observ atiorl･ tlayasaka e(all
(I995), o nthe otherhand, de v elopedthe ret-ie v a】algo-
rithm ofclo udge o m etric al th ickn essB
.
o m aTn e a S ur ed liq･
tlidw aterpa也 and equivaletlt wi dth of O194PTT) W ater Va-
por abs orptio r)band a7)dappliedtoaircra氏 obs er v ation sto
r etrie v ethege o m etricalthickn essm allertha nthos e ob
-
s e r v ed byeye. AsaTIO et al.(1995)show ed(he retrieval
algorithrr) ofthe clo udoptlCal, micr ophysical, a ndgeom etrト
c alpara m eters sim ullaTl e O u Sly uslngthe aircr aftnu又 ob
-
s e rvatio ns. Nakajim a etal,(1998)rec e ntlysho w edthe s en ･
sitivity estim atio n ofthe oxyge nA bat)d radiaTICetO be
obs erv ed fro m spac eto the ge om etric alpara m etersfor
preparatio n of2000launch of A dv an c ed Earth O bservlng
Satellite-ⅠⅠ(A D E O SI I)Glob al Im ager(G LI).
lTlthis study an algori(hm w asde velopedto retrie v ethe
clotldopticalth ickn ess, effe ctiveparticle radius,topheight,
arld ge o m etric althickTleSS Ofclo ud layer sim ultan e o usly
USI.lgthefo ur spectralinfo nT) at10 n S uchas the visible･ n ea r
hlfrared,ther m a)infrared, aJldo xyge nA band. This algo
-
nth7T) Was appliedlothe airborn e observ atio ndataandthe
retrievedr es ults w ere c o mparedtoin silu aircraft obser va
-
(io ns.
2. Des criptio n orobservatio na nd data
r
me clo udspecification the airborlle Obs ervatioT) andthe
data spec tr alspecific atio n c onc ernedto o ur a n alys es are
des c ribed in this s ectiol .
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Thereext e nds m arine stratoc u m ulus clo udsyste m o ver
the eastPacific Oce aniD S u m m er. Targetlngthis clo udsys-
te m, First lntern a tio nal Satel一ite Clo ud Clim ate Proje ct
(lS C P)Regio n alExperim er)t(FIR E)M arine Stra tocu-
m ulus - Int en siv eField Obs ervatiotl(MS-1FO)w as c on -
ducted(Albrechtetal. 198 8),
The clo ud syste m w e a n alyzeda reals ode scribed in
Nakajim a etaZ･(1991)･ Ther ee xistedthe typicalrr) a rin e
stratocu m ulu s clo udsyste mwith1km il Cloud topheight
a nds ev eral hur)dred m etersingeo m etric althickrleS S.
MulticharLn el Clo ud Radio m eter(M C R)o nNASA E R-
2aircraft c arried o utthe r adiative obs ervatio n above the
c)o udlayer. Spectralspecificatio n of M C R isbr eflysho wn
in Table 1. M C R has se v er) obs erv a tion chaTl n elsfrom
visibleto ther m alinfrared spe ctralreg10 n. T he visib一e
(chJ)a nd(w o oxygenA ba nd(ch12a ndch･3)ha v e arou nd
I n mirlFull Wldth Half Ma 又im u m(F W H M), while rle ar
in血･a J･ed(ch.4. ch.5, andch.6)have s e v eralto se veralte ns
n m, aTldtherm alinfrared(ch.7)900†一m , respectiv ely. T he
ch.2 andch･3lo c ate atR- a nd P- brarLCb ofthe o xyge nA
band, r e spe ctively.
TA 8 LEI･ Spectralspe cific atiorLOfM CR･ F W HM m eansthe
Ful W idth HaLf Maxim u m ofthe r e spoTISef
'
uncLio n,
cha nD el #
WaVe]ength F W H M
Dl m] [qm]
C O m m e nt
o.7 54 1.08
o.7 6】 l.2 】
o.7 64 l.1 2
1,38 8.8
l.65
2.16
54
89.4
Io.8 90 0
R.bra n ch
P-bran ch
T heE R-2c arried o utfifte eTlflightsintotalo nJuly10
1987. T he a nalyzed M C Rsc ar)datainthis studyis n adir
pIXels ofthe night nu mber04. T here are ar o uT)d 2463
plX elsin flightdirectio n. Thetim e whe n observ atio n w as
carried o ut w as ar o u ndI645 in Univ ers al TiTr)eCo ordi-
Tl ated(U T C). T hatcorrespo ndsto 0945 ill the m omiTlgOf
theloc altim e(Pacific DaylightTim e :P DT= UT C-07 00).
C-)31 A UniversityWashingto n als ofle w. m o u ntedthe
PM Sprobeto observethe clo ud micr ophysic alpar am eters
s u chasthe effectiyeparticle radius a ndtheJohns o n
- Wl ト
iam shotwireprobe to obs er v eliquid wa(er conte ntin situ
in aT)daro u ndthe m arin e str ato c u m ulu s clo udlayer.
3･ Med10dology
The retrie v alalgorithm ar)da n alysisflow are described
inthis sectio n.
a ･ Prz
l
rLCipLe ofthisre tn
'
e v aLalgorE
'
thm
Oxyge n m olec ules mixes w ell inthe earth atm osphere
withc o n staT)t mixlngr atio ･ Thatis why oxygen A band
oh5e r Va tior)sfroTr)airbo m eplatfbrTr)havebeeTl us edm aiTly
to re(rie ve the clo udtopheight(orpressure)only, c o r)sid-
e rlTlg Ofthe abs orptl O nby o xyge n m olec ules abo ve the
cloudtop･ Inthatalgorithm , photo npet) etratioTlintothe
cloud laye ris con sideredas a retriev alerT
1
0r t Obe c orre c ted.
BLlt, W e c o uldutilizethispe netratioTl effecto retrie ve the
cloudge o m etricalproperties. T hatis, photo npath length
distributio71S with m ultiple scattenTlg Pro cessinthe clo ud
layerdependupon boththeclo ud liquidw aterpathaTldthe
liquidw ater c ont ent･ Iftheliquid w aterpath is estim ated
fro mother m ethod,the n(h¢ clo udge o m etricaldlickness
isdeterTni71eda5 a res ult.
Actu a11y, o xygenA balld(ratherP-bran ch tha7)R-br anch)
spe ctra一radianc e t obe observ edby the h ighaltitude air-
bor neplatform is s e nsitiveto boththe clo udtopheight
andgeoTrletric althickness, equ allyforthe optlC allythick
c一o udsyste m s uch asthe m arin e stratoc urn ulusfield. In
the clo ud layer, theTrlultiple sc attering pro c es sis do mi-
n aTlt, andthenphotonpath length distributiondepe nds upo n
the]iquidw ater c o ntent. T herm alradia n ce, o nthe other
ha nd,is mainlys ensitivetothe Clo udtopte mperaturefor
optlC allythickclo uds . That
'
s why multicha nn elinform a-
tio n m akes usto retrie veth¢ clo udge o m etrical.topheight
ar)dgeo m etric althickn ess sin ultan e o usly.
b. AlgorE
'
thmj7o n･.
T he FigureI illustratesthe Algorithm flo w chart. T he
fo urspectralcban71els arc n ec essaryto etriev ethe clo ud
opticalthickn ess, effectiveparticle raditw , c】D udtopheight,
a ndge o m etricalthickness ofclo ud layer. M odelatm o-
sphereis ass u m edto m akelo ok uptablesbythethe oreti-
ca一calc ulatioll.
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Clo ud optical 血ickn essで
c
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r
,
a re e s s e n ti ally retrievedusiTlgvisible aTldTlearitlfrared
spe ctral-adia nc einform atio n, a nd alsoliquidw aterpath
(LWP)asby-productfrolnthe relatio nship(Stepher)sI978):
L WP -号TL. ･ re ･ P” , (I,
wherePh. isthedensity ofw ater･
Topheight zl a ndthege oTTtetrlCalthicknessAz ofclo ud
一ayer are als o r etrie ved usingthe r etrieved opticalthick-
rl eSS aTldeffe ctiv eparticle radius at theprevio us step, The
clo ud botto mheightzbisderived fro m the clo udtopheight
a ndthe clo udge o m etric althickness asfollows:
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tic)e r adius usiT)gEq.(1).
zb
= Z,
- Az ･ (2)
Theliquidw ater content(L W C)isderived froITltheliq-
uid w aterpathandclo udge o m etricalthicknessasfollows:
L W C- 晋 (3,
T he clo udparticle siz edistri butioTl n(r)is ass u m edas
log- n o r m aldistributioTlfuTI CtiorL:
n(r,- 去 e xp[- 駕叫
(4)
where TTo isthe m ode radius aT)dCris the sta ndard devia
-
tio n ofthedistribution fun ctio n. N is 一hetotalllu T)her of
clo udparticles. T he volu m eVisdefirledas
v -I?r3n(r,dr･
- N ･写r,3 exp(- 3q 2)･ (5)
TYle nPmber c onc e Tltr atio n NL. isderrv ed fro mtheliq-
uidw
_
ater c o nte nta ndeffe ctiv eparticle radius assum ing
the v olu m e spe ctru m:
”
L
.
-
請
L W C
pw
･筈r,3exp(- 3q2)
(6)
w here(ris asullledas0.34.
4. Resdts
Fr o mthe r etrie valalgorithm asdescribed in pre vio u s
s ectio n,thefollo wITlgfou rgeophysic alparaTne t erS Ofcloud
layer sllCh as clo ud optic althickness, effective particle ra-
diLIS
,Clo udtopheight, a ndclo udgeornet n c a= hickness are
directlyretrieved, Theby-pr odtlCtS S u chasthege o m etri-
calthickness ofclo ud layer,liquidw aterpath,liquidw ater
co n te nt, a nd particle n u mber c o rlCe Tltratio m arede rived
fro mthe abo v eparam eter s. T hosepara m eters are ar)ly7,ed
forthedata S eta)orlgthe M C R 凸igh tline.
Figur e2illu strates the retrie v edres ults of
l
(a)optic a一
thickness ofclo ud,(b)effectiveparticle radius, and(c)liq-
uidw aterpath, respec tively･ Theliquid w aterpathisde-
rived fro mthe op(1C althickn ess ofclo ud andeffective pan
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F(G･ 2. T he retrie v edre s ults ofthe clotldparam eters alo ngthe
E R- 2 night;(a)optica)thickT)e SS Ofclo ud,(b)effe ctiv epa r(icle
radiu s, a nd(c)liquidw a(erpath･ Thesere s ults are on一yfo rthe
n adirpl X els of MCR OTIE R-2 withflightn utT)her04 o n10 July
19 87. Thedo(s arethe re s ultsfroTTltheM C RobservadoTl andthe
s o)id lineisthe re s u)Ifro mthein s血 observatio71in(a).(b), and
(c)･ T he】iqtlidwaterpath is aby-pr oduct.
T hein situ obser vatioTl r e s ults ar eplotted in s olid lir)es
as w ellasthe retrie v edr es ults 丘･o mM C Robser valiollin
dots･ It ca nbe s eerlthatspatialc orresponden c eis rather
good for allthre epar a m ete rs. Fro mFigu re2 b,itc a nbe
s ee n thats o m edis crepancy e xis(s 0-5 0 km at theflight
distan cefor the effectiveparticle radiusdueto thedrizzle
TT)Odeparticles(Nakajim a et al. 1991), T hein situ effec-
tiveparticle radiusis observed by P M SPr obe o nbo ardthe
C- 131 A aircraftflo wingin the mi ddle ofthe clo ud Zaye(.
T heif) Si(uliquidw aterpath isderiv edthein situliquid
water c o ntent observ ationbytheJohnsor)- W il一lam shotwire
probe withthefixedclo udge o m etricalthickn ess(400m)
ass u m eda ndthenin situ cloudoptlC althickn essi derived
丘om (heliquidw ater path arldthein situ efFectl VepaTtiele
radiu s(Nakajirna etal. 1991),
Figure3 illustratesthe r etrie vedre sults of(d)topheight,
(e)geom e tricalthickTle S S, a nd(f)botto mheight ofclo ud
layer, The bo tom heightis deriv ed fro mthe clo udtop
heightar)dthe geo m etric al thicknes s u sirlgEq.(2). Fro7T)
Figure3d,itcan be se e nthatthe retrievedcloudtopheight
variesfr o m0.5-I.0 km andtw o sharp peaks existat aro und
70arid130 km in M C R f一ightdista n ce. T hegeo m etric al
thickn ess ofclo ud 一ayer, o nthe otherha nd, v a riesfr oTT)
0.410.8km c orrelatedto the cloudtopheight. As a re sult
ofthos e tw o para m eters, the clo ud bot o mheightis de
-
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rived aTld variesfro m0.1-0.2 km which hasrather sm all
variabilitythanthe othertw opar a m eters. Thein sitLl air-
c r af【observ atioTlirLdic ates(he clo udgeo m etrical†hickTleSS
israther s malla ndthe clo ud botto mheightisratherhigher
tha n this r etrie v ed r esultsfro m M C Robs er vatio n
(Nakajirna etal･ 199])･
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FIG1 3･ Sa m easFigu r e2, e x ceptfor(d)clo udtopheight,(e)
clo udge o m etric althickn e s s, and(i)clo ud botto mheight･ ¶- e
clo udbotto mheigh(is aby
-
pr odu ct.
Figure4 illustratesthe resLIILs of(g)liquidw ater c oTltent
ar)d(h)particle n u mber c o n cer)tratio n. T heliquidw ater
co nter)Iisderived fr o m theliquidw aterpatha ndthe ge o-
m e tric althickness ofclo ud layer usingEq. (3). Thepar-
ticle nu mber co n ce ntratio nis derived fro m theliquidw a-
ter c oTltentandthe effe ctiv eparticle radius usingEq.(6)
ass u m edthe giv en staTld rd de viatio n ofthe siz edistribLZ-
tio nfu TICtionillEq.(4)･ FroT nFigure4g,itcar)be s e e71
thatthe deriv ed liquidw ater c oTlte ntis syste m atic ally
s maller than thein situ obs erv atio nbytheJohn so n- W ill-
iam shotwireprobe, Thisdiscrepan cy lSlarger at50- 150
km(TIOTldrizzle m ode r egio n)ir[ the M C R flightdistan ce
ands uppos ed(o be attribedto thelarger retrieved values
ir)the clo ud ge orn etrialthickn ess. T he v ariatio n ofthe
requidw a(er c ont enhsgo od in splte Ofthose biases･ The
particle nu mberc o n c entr atioTlis derived the ty plCal v al-
ue sa s the m arlTle StratOC u m ulus ast he order ofafew hu lト
dred crn .ll(Figure4h). Fr om Figu re 4g and 4 h,it cartbe
se enthat at0-50 km reg)on ofthe M CRflightdistanc e,
theretrieved liqLlidw aterpath and liquid w ater c o nterltare
alm ost sa m e order as those at the other reglOn altho ughthe
particle n u mber c onc e n tra tio nis s m allertha T1501 150 km
reglO n. T hisfeatureindic atesthathere e xist largerSiz e
droplets atthe0-50 km regio n than at the otherr egto n a s
desc ribed by Nakaji771a etal.(I991).
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FIG. 4. Sa me as Figure2, e xc eptfor(g)liquidw ater conte n(
ar)d(h)nu Tnberc o nce ntratio n ofclo udparticles. Thedots are the
r e s u)Lsl
'
ro nthe MCR obser vatiorL andthe s olid lir esthe re s ults
f-ro nthein situ obse ryationin(S). Theliquid wa te r c c[nteT)Ia nd
nu mbe r co rlC e ntr atio n areby
-pr odu c(s.
5. I)iseussioTL
T he retrie vedresults ar edisc ussed inthis chapter.
a･ Re afl al).sis ofvisible aTldne a rL
'
nfTtZredT W z
l
e vaLandvaLj-
datLo n.
T he retrie valofthe optic althickrtess ofclo ud a ndthe
effectiveparticle radius血o mthe visible andn earin舟打ed
spe ctr al infor matio nhasbee nalre ady in v estigated by
N akajinla and King(1990)and Nakajim a etal.(]991)us1
1 ngthe sa m eM C R data set asthis study. T he retriev ed
r es ults ofthe effectivedr opletradiusintheir studiesw er e
overes tim ated fr om thein situ aircraftobs erv ation e ve n
afterthe c orTeCtio n色.om thedr oT)letprofile withinthe clo ud
layer･ The c ause ofthisdiscrepancy are sup posedtothe
folo wlngtw o points. Oneisthetre atm e nt ofthefLlter re-
spo ns efutlCtionforthe r)e arinfra red chan nel(ch.6), An -
o theris the treat m e nt of hegase ous abs orptlO ninnue nc e
(Nakajha etal. 1991). Thefirstpointobe revisedis that
onlydle Ce nter Ofthe respo nsefunctionistake ninto C OTl-
siderationiTlthe Nakajim a a nd King(1990)aTld Nakajim a
e(al.(1991), The c alc ulations w er e e x e c utedwhichto ok
the mter r espo ns efu nctioninto acc o uTlt. TheIo okuptable
is rI Otlargelydifferentbetwe e n the o nlycen t e rcalc ula-
tiol一S andthefilter w eightedc alculations. T h isindic ates
thef
M
lter responseis not the very ca useflD r abo vediscrep-
a ncy. The se condpolnttObe revis ed is that the estim atio n
orlbegase o us absorpt】oTlisbaseduponthe L O W T R A N 5
m odelin Nakajim a and K ing(1 9 90)and Nakajim a etal.
(】9L)I). It w asindicated by Taylor(1 99 2)that the
L O W TRAN 7m odel isbetterfor the effectivedropletra-
dius relrieva】ra the rtha nLO WT R A N 5m ode一. The re_
- 73 -
trie v edeffe c(ive particle radius sho ws go od coincidenc e
illthe v ariatio n aT)dthe m agnitudetothein situ aircraft
observ atio n withinthe cloud layer. Ac c o rdingto thos e re
-
stlts,thediscrepa ncyin (he effectivedroplet radius retrieval
is alm ostsolved by usingthe L O WTRA N 7m odelgas
-
e o u s abs orpt10rl atld the r etrie vedeqe ctivedr opletradiu s
is rcliablebythis validatio n･
b. Validbtl
'
o n ofclo udge o m eLrz
-
catpa rlam e terS･
The c o71de ns ationle v elis one oftbeiTTlpOrt an tParam -
et er sfor v alidatioTI Ofclo ud botto mheight. The U. S. Na-
tior)alCe nterforETIYiro nrn e ntalPredictio n/ U. S. Natio nal
Atrno spheric Res earch(NCJ3P/ N CAR)r eatl alysis data
sらt w as usedto estim atetle C OTtderIS atio nle v elaro uTld(he
regLOT) Wherethe M C Ra71d 血situ airbo rn e obs er v atio ns
are c o nducted. Figure5ilhJStrateSthe at m o spherlCProfile
athattim e and loc atio n, The c onde ns atio nle v el is esti-
m ated ar o u nd760gprnfro mthe crosspo]ntofthe actual
teTnper attlr eliTle a ndthedry adiabaticline r This res ult
se e m sto c orre spo ndtothe middlelevel betw ee nthe cloud
topandthe cloud botto m of(he re trie v edrestllts丘
.om the
M C R data. Itc at7 als obe see n that the relativehu midity
varies丘･o m a r o u nd 40to54% atthelow erbo u ndarylayer.
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The o rdin ateis the geopote ntial heighandthebotto m abs ciss a
irLdic ate sthe tem peratur e a ndthe top oledo e sthe relativ ehu
-
midity. ActualairteTnPer a(u r e(SO]id lin e)a nd dry adiaba[icthe
(dotted lin e)a r eo verlayed･
T hetyplC alclo ud botto mheight ar)dge o m etric althick
-
n e s s ofm ariTle StratO Cu Tn ulus clo ud layer are a一soinv esti
-
gatedtobe afO uT)d 4 ∝辻30m a nd 300±20nl, re spectively,
c o n sideritlgthediurn alvariatio nduringtheFIR Eca nlPalgn
(Blasko vic etal. 1991). The retrie v ed hot(o mheight and
geom etric altbickr)e ss a r elo w er a ndthickerthanthe typト
c alon es
,
re splectively･ The re as o n ofthisdis crepan cylS
notyetclear,but se ernstobe attributedto the m odelatm o
-
sphereassumption at this stage .
c. Valz
l
da Eio n ofclo ud m L
'
c rvphysL
'
c alpaya m eters･
Thein situliquidw aterc o nte ntis obs er ved byJohnson-
W illiam shot wire probe . T here are s o m ebiasesin the
liquid w ater co ntentbetw een the retrie ved res ults a ndin
situ obs erv ationsduetothediscrepancyin the ge o metrical
thickness ofcloudlaye r.
6. St) m Jtla ry
The airbor n e raditive obs erv atio ndata w ere ar) alyzed
lo retdeveぬernarlrhe S tr at O Cu mulus clo udpar a m eters. The
retrie vedresults w e r epa rtlyc onsistent within situ airborne
obser vatio n, Asres ultofthis an alysIS.itturns o utthat the
c o mbin atio n of thefo ur spectr alinfor m atio ns uchas vis-
ible, o xygeTIA band, n e ariTtfrared. andthe mal infrared
haspossibilityto retrieve clo udopllC althicknes , effec
-
tive particle radius, clo udtop height. arldcloudgeo metri
-
c althickness sim ultarl e O u Sly. Theliquidw aterpathclo ud
bottom height,liquidw ater c o nte nt, a ndr)u mber c on c en-
tr atio n are also de rived asby-pr odu cts as w ell. We have t o
a Tlalyze a n o therdata seta nd validatethe r etrie v edresults
for cLo udtop and bottom heightiTlpartic ular. 1t als o re-
qulrethe obser vatio nforthe clo udtop a nd bottorrLheight
to validatethe retdev edr esul(s. If(his algorithm wi ll be
appliedtothe globa一data s et,therlit m aybe po ssibleto
kr)o w the c一o udge om etric alproperties atglobalscale.
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